Acinetobacter colistiniresistens sp. nov. (formerly genomic species 13 sensu Bouvet and Jeanjean and genomic species 14 sensu Tjernberg and Ursing), isolated from human infections and characterized by intrinsic resistance to polymyxins 
Acinetobacter is a highly diverse genus, which encompasses a number of phylogenetically distant lineages [1] . One of these lineages, the so-called haemolytic clade, typically, although not exclusively, encompasses strains with strong haemolytic activity [2] . Moreover, all known strains of the genus Acinetobacter with the gelatinase activity detectable in routine bacteriological media are members of this clade [2] . The haemolytic clade currently includes 12 species with validly published names and several provisional taxa with, as yet, not formally defined nomenclatural status [2] . One of these taxa, genospecies 13, was delineated by Bouvet and Jeanjean [3] using DNA-DNA hybridization (DDH) on the basis of seven clinical isolates. At nearly the same time, Tjernberg and Ursing [4] delimited a putative novel taxon termed DNA group 14, also on the basis of DDH. Because both genospecies 13 and DNA group 14 included the same strain (ATCC 17905), it was assumed that these two groups represented one taxon for which the term genomic species 13BJ/14TU has been used in later studies [2, [5] [6] [7] [8] .
Strains of genomic species 13BJ/14TU have been reportedly found in human clinical specimens, usually associated with severe infections such as septicaemia [9] [10] [11] . Further, previous studies have suggested that isolates belonging to this genomic species are uniformly resistant to colistin (polymyxin E), which is a feature not seen in other species of the genus [9, 12] . This characteristic is of particular importance in view of the recent reintroduction of colistin for the treatment of systemic infections caused by multidrug-resistant Acinetobacter [12] . Given these medically relevant attributes of genomic species 13BJ/ 14TU, the present study was aimed at defining the taxonomic position and nomenclatural status of this provisional taxonomic entity.
Twenty-four strains of genomic species 13BJ/14TU were selected for the present study (Table 1 ). All the strains were isolated from human specimens, which were collected in 10 countries over a period of more than three decades. The collection also comprised six and three strains, respectively, studied using DDH by Bouvet and Jeanjean [3] and Tjernberg and Ursing [4] (Table 1 , Fig. 1 ). For comparative phenotypic analyses, we included 120 strains representing all known taxa of the haemolytic clade other than genomic species 13BJ/14TU, which have been thoroughly investigated previously [2] .
In order to define the taxonomy of genomic species 13BJ/ 14TU, we followed strictly the polyphasic approach used in our previous study of the Acinetobacter haemolytic clade [2] . To approximate the mutual relationship of the 24 strains and their position within the clade, we performed comparative sequence analysis of genes encoding the RNA polymerase bsubunit (rpoB) and DNA gyrase subunit B (gyrB), as described previously [2, 13] . Similarity calculations were carried out for 861 bp and 960 bp segments, which respectively correspond to nucleotide positions 2915-3775 and 299-1258 of the coding regions of the rpoB and gyrB genes in Acinetobacter baumannii CIP 70.34 T (NCBI accession no. APRG00000000.1). Fig. 1 shows the results of cluster analysis for the concatenated rpoB and gyrB sequences of the strains of genomic species 13BJ/ 14TU and strains of the other clade taxa for which wholegenome sequences are available. The 24 strains fell into three distinct, strongly supported clusters, which were linked together to a broader, only moderately supported cluster. The largest cluster included 19 strains with identical or highly similar concatenated sequences (intracluster similarities of Whole-genome sequences were available for three strains of genomic species 13BJ/14TU, which represent the three rpoB/gyrB clusters ( Fig. 1 Fig. 1 . Neighbour-joining phylogram based on the concatenated partial sequences of the rpoB (861 bp) and gyrB (960 bp) genes of 24 strains of genomic species 13BJ/14TU (Acinetobacter colistiniresistens sp. nov.) and 28 reference strains representing the species of the Acinetobacter haemolytic clade with validly published names. Evolutionary distances were determined using Kimura's two-parameter model. Bootstrap values (in %) obtained using the neighbour-joining algorithm and maximum-parsimony analysis after 1000 resamplings are indicated above and below branches, respectively; only values greater than 75 % are shown. The sequences of Acinetobacter calcoaceticus CIP 81.8 T (derived from GenBank accession no. APQI00000000.1) were used as the outgroup. GenBank accession numbers for the rpoB/gyrB sequences or whole-genome sequences from which the sequences were extracted are shown in parentheses. In the case of identical rpoB/gyrB sequences, accession numbers are shown only for one representative. Circles and triangles denote the strains studied using DNA-DNA hybridization by Bouvet and Jeanjean [3] and Tjernberg and Ursing [4] , respectively. All analyses were carried out using BioNumerics 7.6 software (Applied-Maths). Bar, 1 % change per nucleotide site.
(ANIb) was calculated using the JSpecies program (http:// imedea.uib-csic.es/jspecies) using default settings [19] . The ANIb values obtained for the three genomes against each other as well as against the haemolytic clade strains listed in Fig. 1 T /NIPH 1859. Overall, these ANI values support the distinctiveness of genomic species 13BJ/ 14TU genomes at the species level if the threshold interval (95-96 %) proposed to discriminate between bacterial species by Richter and Rosselló-Móra [19] is applied, even though the values for NIPH 1860 are slightly below the proposed threshold. Congruently, the three genomes formed a highly supported monophyletic cluster within the haemolytic clade in the phylogram based on the alignment of the 1590 protein families of the Acinetobacter core-genome for the set of genome sequences shown in Fig. 1 [1] .
The inclusion of six and three strains, which were investigated by Bouvet and Jeanjean [3] and Tjernberg and Ursing [4] , respectively, in the present study (Table 1 , Fig. 1 ) allowed the integration of the results based on conventional DDH with our data. It is of particular note that strain NIPH 1860 (=CIP 64.2=ATCC 17905), which represents a genotypically deviating subgroup of three strains (Fig. 1) , was used as the DDH reference strain by Bouvet and Jeanjean [3] . The degree of DNA relatedness (relative binding ratio) between this strain and the other five strains (Fig. 1) ranged from 64 to 82 %, with DTm values of 3.5 or less. Similarly, the level of relatedness between NIPH 1860 (=ATCC 17905) and NIPH 1859 (=strain 71) was 75 %, with a DTm of 4.4 in the study of Tjernberg and Ursing [4] . Thus, the results of conventional DDH experiments support the taxonomic coherence of genomic species 13BJ/14TU at the species level.
Matrix-assisted laser desorption ionization-time-of-flight (MALDI-TOF) MS whole-cell profiling was performed using a method proposed by Šedo et al. [21] , which employs a matrix solution consisting of ferulic acid (12.5 mg ml À1 ) in water/acetonitrile/formic acid (50 : 33 : 17, by vol.). MALDI-TOF mass spectrum measurements and processing were carried out as described by Krizova et al. [14] with later modifications [2] . The determinations were carried out using an Ultraflextreme instrument operated in linear positive mode under the control of the FlexControl 3.4, Flex Analysis (version 3.4) and BioTyper (version 3.1) software (Bruker Daltonics). Fig. 2 shows the results of cluster analysis of the MALDI-TOF spectra of the 24 strains of genomic species 13BJ/14TU and the 120 reference strains representing the other taxa of the haemolytic clade. The spectra of the reference strains were adopted from our previous study [2] , except for those of A. gyllenbergii, which were newly determined. The 24 strains fell within a cohesive cluster clearly separated from all other members of the clade. The distinctness of this cluster was also retained in cluster analysis based on the spectra derived from the type strains of all known species of the genus Acinetobacter (Fig. S1 ).
Conventional phenotypic tests carried out as described by Radolfova-Krizova et al. [17] showed that all 24 strains of genomic species 13BJ/14TU had the basic features typical of the genus Acinetobacter: they were oxidase-negative, catalase-positive, non-motile and strictly aerobic Gramstain-negative bacteria. Other metabolic and physiological properties were assessed using an array of strictly standardized, in-house tests targeting the genus Acinetobacter as described by Nemec et al. [13] and Krizova et al. [14] . All 24 strains were strongly haemolytic and proteolytic and the combination of these characteristics allowed differentiation of genomic species 13BJ/14TU from any species that is not a member of the haemolytic clade, as well as from non-proteolytic clade members, including Acinetobacter junii, Acinetobacter modestus, Acinetobacter parvus, Acinetobacter tjernbergiae and Acinetobacter vivianii (see Table S2 for a comprehensive overview of the phenotypes of all known species of the genus Acinetobacter and the number of characters that can be used for the differentiation of genomic species 13BJ/14TU). Table 2 summarizes the properties of genomic species 13BJ/14TU and the clade taxa that are known to comprise both haemolytic and proteolytic strains. Overall, the most useful combination of characteristics for differentiating genomic species 13BJ/14TU from all other members of the haemolytic clade includes, together with haemolytic and proteolytic activities, the ability to oxidize Dglucose, to grow on phenylacetate and/or L-phenylalanine, and the inability to grow on 4-aminobutyrate.
Susceptibility to polymyxins was determined by Etest (bioM erieux) as described by Nemec and Dijkshoorn [12] . Table 3 . Notably, it has been previously shown that the colistin MICs of 11 of the medically most relevant species of the genus Acinetobacter, which do belong to the haemolytic clade, were lower than 2 mg l À1 [12] . To complete the picture of the genus, we assessed MICs to polymyxins for the type strains of 22 remaining species of the genus Acinetobacter (Table S3) . Except for two environmental organisms (Acinetobacter rudis and Acinetobacter brisouii), all these 
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A. proteolyticus (n=6) , as defined for both colistin and polymyxin B [22] , was applied to the above data, all 24 strains of genomic species 13BJ/14TU would be categorized as clinically resistant. So, compared with other, and especially the medically relevant, species of the genus Acinetobacter, genomic species 13BJ/14TU appears to be a unique taxon in terms of having high-level resistance to polymyxin antibiotics. Given this consistency of resistance phenotype and the fact that at least some of the strains (e.g. NIPH 239, NIPH 287, NIPH 378 and NIPH 669) were obtained in a clinical Table 2 . Metabolic and physiological properties of genomic species 13BJ/14TU (Acinetobacter colistiniresistens sp. nov.) and the known species of the genus Acinetobacter comprising both haemolytic and proteolytic strains Species: 1, A. colistiniresistens (n=24 where n is the number of strains); 2, Acinetobacter beijerinckii (n=15); 3, Acinetobacter courvalinii (n=9); 4, Acinetobacter dispersus (n=9); 5, A. gyllenbergii (n=9); 6, Acinetobacter haemolyticus (n=16); 7, Acinetobacter proteolyticus (n=6); 8, Acinetobacter venetianus (n=5); 9, gen. sp. 6 (n=3); 10, gen. sp. 15BJ (n=2); 11, gen. sp. 16 (n=4). All species with validly published names include the respective type strains. The results for A. colistiniresistens sp. nov. were obtained in this study, while other data are from Nemec et al. [2] . Tests were performed as described by Nemec et al. [13] . Bacteria were cultured at 30 C, except for temperature growth tests. Assimilation tests were interpreted after 6 days of culture in fluid mineral medium supplemented with 0.1 % (w/v) carbon source. Other tests were assessed after 3 (haemolytic and gelatinase activities) or 2 (D-glucose acidification, temperature growth tests in brain-heart infusion broth) days. 
*Strain NIPH 669 grows on phenylacetate but not on L-phenylalanine, whereas strain NIPH 1862 grows on L-phenylalanine but not on phenylacetate.
context free of colistin-based therapy, it is very likely that polymyxin resistance is an intrinsic property of genomic species 13BJ/14TU.
In conclusion, the above data support the taxonomic separation of genomic species 13BJ/14TU from all known taxa of the haemolytic clade as well as from the other species of the genus Acinetobacter with validly published names. The data also indicate the genotypic distinctness and coherence of the group at the species level, with the partial exception of a slightly deviating subgroup of three strains represented by NIPH 1860. Notably, Rosselló-Móra and Amann [23] have recently recommended that ANI values of between 93 and 96 % (as found between NIPH 1860 and other strains) may be considered to be the fuzzy zone, where the boundary of a species may fall and which should be treated cautiously, with the emphasis given to robust phenotypic information. The uniqueness and coherence of the phenotypic properties found for all strains of genomic species 13BJ/14TU studied here are consistent with this recommendation and support the view that this taxon, as a whole, represents a biologically meaningful and medically important species. We propose the name Acinetobacter colistiniresistens sp. nov. for genomic species 13BJ/14TU, which reflects the unique property of this taxon -a high-level resistance to colistin. This is clinically significant, as colistin is currently used as the last resort antibiotic for the treatment of systemic infections caused by multidrug-resistant strains of Acinetobacter.
DESCRIPTION OF ACINETOBACTER COLISTINIRESISTENS SP. NOV.
Acinetobacter colistiniresistens (co.lis.ti.ni.re.sis¢tens. N.L. n. colistinum, colistin; L. pres. part. resistens, resisting: N.L. part. adj. colistiniresistens colistin-resisting).
Gram-stain-negative, strictly aerobic, oxidase-negative and catalase-positive coccobacilli typically occurring in pairs, incapable of dissimilative denitrification and swimming motility, and capable of growing in defined mineral media containing a single carbon and energy source, and ammonia as the sole source of nitrogen. Positive in the transformation assay of Juni [24] . Colonies on tryptic soy agar (Oxoid) after incubation for 24 h at 30 C are 1.0-2.0 mm in diameter, grey-white, slightly opaque, circular, convex and smooth, with entire margins. Growth occurs in brain-heart infusion broth (Oxoid) at temperatures ranging from 15 to 35 C, but not at 41 C; most strains grow at 37 C. Acid is produced from D-glucose. Gelatin is hydrolysed. Colonies on agar media supplemented with sheep erythrocytes are surrounded by wide zones of haemolysis. Acetate, L-arginine, citrate (Simmons), L-glutamate and L-histidine are utilized as sole sources of carbon, with growth visible in 6 (and mostly 2) days of culture at 30 C. Nearly all strains grow on 
